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The botanical collections of early explorers and subsequent ethnobotany have played important roles in the development of new drugs for many centuries [1, 2] . Herbs and preparations made from them have been used to treat ailments since medicine began. The treatment of diseases with medicines of plant origin is an integral part of many cultures throughout the world. By the middle of the last century, interest in this approach had declined dramatically, but it has risen again during the last decade and new foci have developed. The systematic evaluation of indigenous pharmacopoeias in order to contribute to improved healthcare has been placed on the agenda of international and national organizations.
The genus Rubus is a member of the family Rosaceae, sub-family Rosoideae, tribe Potentilleae, and is found widely distributed throughout the world, especially in the temperate parts of the northern hemisphere. This genus comprises around 700 species, some of which are cultivated in numerous varieties as industrial plants for commercialization as nutritious and pleasant-tasting fruits. The fruit is eaten either fresh or as one of many processed products, for example jams, jellies and pastry fillings. Rubus species have also been cultivated for centuries for their fruits, which have been used traditionally for therapeutic purposes. The consumption of Rubus fruits is generally associated with low incidence of various human diseases. Rubus species are known to provide extracts that have been used in traditional medicine to treat wounds, burns and inflammation, and to be antimicrobial, anticonvulsant, muscle relaxant and radical scavenging. They are characterized by their capability for synthesizing and accumulating ellagitannins and other phenolic compounds, which is a characteristic of the family.
Over the past years, since the review by Patel et al. [3] , there has been a rapid increase in the information available on the structures and pharmacological activities of novel compounds isolated and identified from Rubus species. The following is, therefore, an overview of the growing body of literature since 2003 covering the traditional uses and the occurrence of pharmacologically relevant compounds in Rubus, as well as of the studies supporting their use as medicinal plants.
The primary European blackberry plant, R. fruticosus B., is a perennial shrub with biennial canes whose leaves have been used for their astringent, antidiarrheic and hypoglycemic activities, and as an anti-inflammatory agent for the mucous membrane of the oral cavity and throat. In Morocco, where it is locally known as "Toute chaouki", its leaves are advocated principally in the management of diabetes mellitus.
R. chamaemorus L., also known as cloudberry, is an important wild plant with edible fruits, found abundantly in northern countries of Europe, Asia and America. The fruits, which are used against scurvy, possess antimicrobial activity and are commonly consumed as a rich source of microelements. The leaves are also used against diarrhea.
R. ulmifolius Schott. is a perennial shrub distributed in Africa and Europe from sea level to 1100 m. Fresh bruised leaves are used in Italian folk medicine for abscesses, furuncles and ulcers. Decoctions of the leaves are used externally for reddened eyes, vaginal lavages and aphta, and internally for diarrhea, hemorrhoids and intestinal inflammations. In Chilean folk medicine, R. ulmifolius is used for its hypoglycemic activity.
R. imperialis Cham. & Schltdl. grows abundantly in the south of Brazil, where it is known as "morabranca" or "mora-do-mato", and is frequently used in traditional medicine as a remedy for the treatment of diabetes and pain.
R. apelatus Poir. is a component of the ethnomedicine of southern Uganda, where it is used to treat diarrhea and stomach-ache.
Some Rubus species have also been integral components of traditional oriental medicines. In Korea and China, fruits of R. coreanus Miquel have been used as a traditional medicine (Korean name "bogbun-ju", Chinese name "fu-pen-zt"). The unripe fruits have been used for the management of impotence, spermatorrhea, enuresis, asthma and allergic diseases. It has also been used as a stomachic and tonic, and to alleviate diabetes mellitus.
"Wu-zi-yan-zong-wan" is a multi-component Chinese medicinal formula, which includes fruits of R. chingii Hu, with a long history of use for tonic effects. The traditional prescription is generally indicated for male "kidney deficiency", to improve the undesirable effects of aging and to decrease alcohol-induced hepatotoxicity.
R. suavissimus S. Lee is a perennial shrub widely distributed in southwest China. The leaves of this plant are used mainly by populations living in the mountainous areas of Guangxi as a tea ("sweet leaf tea"). Observations indicate that residents of these areas who consume this tea are generally healthier and have less incidence of cancer and other serious diseases.
Phytochemistry
To date more than 100 species from the large genus Rubus have been investigated chemically in order to isolate and identify the active constituents of the plants. Rubus species are characterized by their capacity to synthesize and accumulate ellagitannins, although it is mainly other biologically active constituents, for example flavonoids, anthocyanins and triterpenoids that have been reported in recent years. The constituents of Rubus species compiled from different sources are presented below.
Phenolic compounds:
Phenolic compounds represent structurally diverse classes of compounds with different kinds of conjugates. Plant polyphenols can range from single species such as phenolic acids, to highly polymerized compounds such as tannins. They occur primarily in conjugated form, with one or more sugar residues linked to hydroxyl groups, although direct linkages of the sugar to an aromatic carbon also exist. Association with other compounds, such as carboxylic and organic acids, amines and lipids, and linkages with other phenols are also common. Phenolic compounds comprise one of the largest groups of plant metabolites, and are an important part of human diets [10] . In the past few years, there has been an increasing interest in the study of plant-derived phenolics, due to their health promoting properties. Polyphenolic antioxidants are widely distributed in the plant kingdom, and soft fruits are a particularly rich source.
Berries of Rubus species (for example, raspberry, blackberry, cloudberry) provide delicious fruits that can be consumed fresh or in the form of products such as jams, juices and liquors. Phenolic compounds in the extracts of these berries have been shown to have a strong capacity to scavenge oxygen radical species and to inhibit oxidation and the growth of pathogenic bacteria [11] . The major class of phenolic compounds in Rubus berries is represented by hydrolyzable tannins (gallo-and ellagitannins), with anthocyanins being the second most abundant class in pigmented berries, and hydroxycinnamic acids, flavonols, flavan-3-ols and proanthocyanidins being the minor ones [12, 13] . This section deals mainly with those phenolic classes of pharmaceutical interest found in the Rubus genus in the last few years.
Tannins: Hydrolyzable tannins consist of a polyol core (for example, glucose or quinic acid) esterified with either gallic acid(s) (gallotannins) and/or hexahydroxydiphenic acid(s) (ellagitannins). The most widespread tannins reported in the Rubus genus are ellagitannins. Rubus oligomeric ellagitannins contain, besides the well-known ellagic acid and gallic acid moieties, the sanguisorboyl linking ester group. Reports on the ellagitannin composition mainly concern R. idaeus. Analysis of extracts of raspberries (R. idaeus) reported significant quantities of an ellagitannin, sanguiin H-6, with lower levels of a second ellagitannin, lambertianin C [14] . Mullen et al. [15] reported a gradient reversed phase high performance liquid chromatography method with diode array and MS n detection for the analysis of ellagitannins in raspberries. More recently, Vrhovsek et al. [16] developed a new and rapid procedure for the acid hydrolysis of raspberry ellagitannins in methanol, which results in maximum yield and enables the quantification of all the major reaction products. Additionally, the method provides the rationale for estimating the mean degree of polymerization of R. idaeus ellagitannins. Reports on the ellagitannin composition of the Rubus genus also included the hitherto unknown natural tannin 2,3-Ohexahydroxydiphenoyl-4,6-O-sanguisorboyl-(α,β)-glucose isolated from the alcohol extract of the aerial parts of R. sanctus Schreb., the only Rubus species that grows wild in Egypt [17] , and two new ellagitannins isolated from R. aleaefolius Poir. [18] .
Flavonoids: Flavonoids are a complex group of polyphenolic plant metabolites found in the food of human beings. Reports on the flavonic composition of the Rubus genus mainly concern R. idaeus. Mullen et al. [14] isolated one kaempferol-and four quercetin-based flavonol conjugates for this species. Kaempferol and quercetin glycosides were also isolated from R. idaeus leaves cultured in Poland [19] , while the leaves of this species from different locations in Lithuania yielded quercetin glucuronide, quercetin-3-O-glucoside and rutin [20] . Gudej and Tomczyk [21] described the quantitative determination of flavonoids from wild and cultivated varieties of raspberry (R. idaeus) and blackberry (R. fruticosus). The content of flavonoids was analyzed using spectrophotometric (the ChristMüllers method) and high performance liquid chromatography analysis after acid hydrolysis. The flavonoid content was higher for blackberry leaves than for raspberry leaves. More recently, a high performance liquid chromatography gradient elution system with a monomeric C 18 column and ultraviolet detection were used to separate and quantify the flavonoids in Bulgarian raspberry and blackberry [22] . Some of the flavonoids identified in R. idaeus, such as kaempferol, together with tiliroside ( Figure 1 ), were also isolated from R. coriifolius Focke., a medicinal plant used in Mexican traditional medicine [23] .
Anthocyanins: Anthocyanins are a group of naturally occurring phenolic compounds responsible for the color of many plants, flowers and fruits. These compounds are of great importance due to their proven pharmacological activities. Berry extracts (Rubus spp.) contain high amounts of anthocyanins, and their consumption in either the diet or in some therapeutic applications, is common. The anthocyanin compositions of fruits of different Rubus species are quite distinctive. Raspberries (R. idaeus) contain a distinct spectrum of anthocyanins [24] . The major components are cyanidin and cyanidin-3-sophoroside, with smaller quantities of other anthocyanins, including cyanidin-3-(2
cyanidin-3-glucoside, cyanidin-3-rutinoside, and pelargonidin and its glycosides. More recently, Chen et al. [25] established an ultrasoundassisted extraction of anthocyanins from R. idaeus. The anthocyanin composition of the extracts was identified by high performance liquid chromatography-mass spectrometry. It is only in recent years that anthocyanins acylated with aliphatic acids have been characterized. Stintzing et al. [26] isolated a novel zwitterionic anthocyanin from evergreen blackberry (Rubus laciniatus Willd.) structurally characterized as cyanidin-3-dioxalylglucoside ( Figure 2 ). This is the first report of an anthocyanin diacylated with oxalic acid, establishing a more widespread occurrence of anthocyanins substituted with aliphatic acids than hitherto believed. Niga-ichigoside F 1 ( Figure 4 ) and 23-hydroxytormentic acid are two triterpenoids isolated from the unripe fruits of R. coreanus [29] . Chemically, nigaichigoside F 1 is known as 23-hydroxytormentic acid 28-O-glucoside, and the aglycone, 23-hydroxytormentic acid is classified as a 19α-hydroxyursanetype triterpenoid. Some of these compounds identified in R. coreanus have also been reported in other species of Rubus. Tormentic acid and nigaichigoside F 1 were also isolated from R. aleaefolius [30] , while tormentic acid, together with the new triterpenoid euscaphic acid ( Figure 5 ) were isolated from R. sieboldii Blume [31] . Niga-ichigoside F 1 has also been identified in R. imperialis [32] and in the fruit of R. allegheniensis Port., a native species of blackberry distributed from the northeastern to the middle regions of North America. This latter species also yielded the new triterpene glucosyl ester, rubusside A [33] . Other ursane-type triterpenoids have also been isolated from R. chroosepalus Focke. [34] and R. rosaefolius Sm, which yielded the 19-hydroxyursane-type triterpenoid, 28-methoxytormentic acid [35] . The methanolic extract of R. idaeus also yielded novel ursane-and oleanane-type triterpenoids, such as olean-12-ene-3β,29-diol and urs-12-ene-3β,30-diol [36, 37] . Reports on triterpene components of other species of Rubus have also been found in the literature. Along with five known triterpene glycosides, a new triterpene glucosyl ester named crataegioside, was isolated from the roots of R. crataegifolius Bunge [38] . The structure was established as ilexosapogenin A 28-O-β-Dglucopyranosyl ester. Examples of other triterpenoids isolated from the Rubus genus include stigmasta-5,22-dien-3-ol, β-sitosterol, and β-sitosterol-3-β-Dglucose from R. ursinus Cham. & Schltdl. [39] , triterpene glycosyl esters from R. amabilis Focke. [40] , and the aerial parts of R. pungens Camb., which yielded rubupungenosides A and B, two novel triterpenoid saponin dimers [41] .
Pharmacological activity
Throughout the ages, several health-promoting benefits, including spasmolytic, analgesic, antiinflammatory, anti-rheumatic, antibacterial, anticarcinogenic and hypoglycemic activities have been attributed to the use of either Rubus extracts or the plants themselves [4] [5] [6] [7] [8] [9] . Pharmacological studies have generally focused on the fractions of either a plant species of the Rubus genus or "a crude drug". A number of studies, however, have focused on the bioactivity of specific isolated compound(s). Some of these were isolated using bioassay-guided fractionation after previously detecting activity in the plant part. The following is a review of the scientific investigations supporting the pharmacological properties ascribed to Rubus species.
Anti-inflammatory and antioxidant activities:
Inflammatory diseases are among the most common health problems treated with traditional remedies. It is, therefore, crucial to evaluate the potential of herbal remedies for the discovery of novel bioactive compounds that might serve as leads for the development of potent drugs. Various research groups have initiated anti-inflammatory screening programs for plants used as anti-inflammatory agents in the treatment of several pathologies in traditional medicine all over the world, although other uses have also been suggested. Some of these studies concern species belonging to the genus Rubus.
Recently, there has been an increasing amount of attention given to the health benefits of consuming berries. Caneberries are a group of berries that grow on leafy canes in temperate regions of the world. These are Rubus species which produce multiple small fruits. In the United States, caneberries were used centuries ago by native Americans and settlers for food, as dye for clothing and for medicinal purposes. The best known commercial caneberries are the red raspberry (R. idaeus), black raspberry (R. occidentalis L.), trailing blackberries (Rubus sp.), including "Marion" and "Thornlees Evergreen", and the trailing cultivars that are blackberry x raspberry hybrids including "Boysen" and "Logan". These types of caneberries were analyzed for antioxidant activity by measuring their oxygen radical absorbance capacity [42] The results of this study indicate that these caneberries were high in antioxidant activity, with black raspberries as the most active. More recently, Bushman et al. [43] also demonstrated the antioxidant potential of these caneberries, which represent the most commonly grown caneberries in Oregon. Raspberry (R. idaeus), blackberry (R. fruticosus), raspberry x blackberry hybrid cultivars, and native populations of varied pigmentations, originally from the Mediterranean area of northern Greece, were also assayed for antioxidant activity [44] . These results show that berry extracts are an extremely rich source of antioxidants, and demonstrate their potential use as a food additive. Wang and Jiao [45] investigated the antioxidant activities against superoxide radicals, hydrogen peroxide, hydroxyl radicals and singlet oxygen of R. idaeus and R. occidentalis. Among the different cultivars, the juice of R. idaeus is a good source of antioxidants, and possesses potent free radical scavenging capacity. R. idaeus also inhibited the elastase enzyme in a multi-target functional bioassay for detecting substances interacting with the inflammatory process of activated neutrophil granulocytes [46] .
Other research groups have also initiated antiinflammatory screening programs for plants used as anti-inflammatory agents in the treatment of several pathologies in traditional medicine all over the world. Bulgaria is an apt example, where medicinal plants are widely used in everyday life as part of folk medicinal remedies. The Bulgarian flora is remarkable for its diversity and is a rich source of medicinal plants. Extracts of 21 plants used in Bulgarian phytotherapy for the treatment of respiratory, gastrointestinal and other inflammatory disorders were screened in vitro for antioxidant activity [47] . Seven plants showed significant antioxidant properties, including Rubus sp. diversa.
A preliminary screening in an ongoing program on plants used in Turkish traditional medicine for the treatment of rheumatism and related inflammatory diseases was initiated by Erdemoglu et al. [48] . Ethanolic and aqueous extracts from seven plant species were evaluated for in vivo anti-inflammatory activity. Among them, the aqueous extract of aerial parts of R. hirtus Walds. et Kit was shown to possess significant anti-inflammatory activity in varying degrees. The extracts obtained from 14 plants of the Mexican medicinal flora were assessed for antiinflammatory activity by the carrageenan-induced rat paw edema model [49] . The administration of R. coriifolius methanolic extract was shown to be particularly active against induced hindpaw edema.
Reports on the anti-inflammatory and antioxidant activities of other Rubus species have also been found in the literature. Different in vitro free radical generating systems were used to assess the antioxidative activity of aqueous extracts of the five herbal components of "wu-zi-yan-zong-wan", a traditional Chinese medicinal formula with a long history of use for tonic effects [50] . These results suggested that R. chingii fruits, one of the components of this medicinal formula, was useful in protecting against tert-butyl hydroperoxide-induced oxidative damage and may also be capable of attenuating the cytotoxicity of other oxidants. The antioxidant capacity of cloudberry (R. chamaemorus) juice was investigated by Milnikov et al. [51] . A feeding study was conducted to show the in vivo effects of the juices on lipid peroxidation in a sensitive Drosophila melanogaster stock. This study demonstrated that the effects of berry antioxidants on lipid peroxidation are easily and rapidly tested in vivo with the sensitive Drosophila model.
The ethanolic extract from the fruit of R. coreanus was investigated for its effect on the function of osteoblastic MC3T3-E1 cells, which has been wellcharacterized as an in vitro model for osteoblast differentiation [52] . These data indicate that the enhancement of osteoblast function by R. coreanus may result in the prevention of osteoporosis and inflammatory bone diseases. Park et al. [53] initiated investigations to elucidate the mechanism underlying the potential therapeutic value of R. coreanus extract. The ethanolic extract of the plant suppressed nitric oxide and prostaglandin E 2 production in lipopolysaccharide-stimulated RAW 264.7 murine macrophages, and by itself is a potent inducer of heme oxygenase-1. Examples of other antiinflammatory Rubus extracts also included Molucca raspberry (R. moluccanus var. austropacificus Van Royen), a native Australian fruit [54] , and R. fruticosus, a small tree with reddish-black fruits [55] .
The compounds responsible for the antiinflammatory and antioxidant activities of Rubus species have been reported to be mainly triterpenoids and tannins. Some of these compounds were isolated by bioassay guided fractionation procedures after previously detecting activity in part of the plants. In the search for bioactive natural constituents exerting anti-inflammatory activity, Choi et al. [56] examined the potency of the extracts of R. coreanus fruits by bioactivity-guided fractionation. This led to the identification of niga-ichigoside F 1 (Figure 4 ) and the aglycone 23-hydroxytormentic acid. The aglycone was much more potent in the anti-inflammatory test than the glycoside. The anti-inflammatory effects of these compounds were further supported by the reduction of carrageenan-induced lipid peroxidation and hydroxyl radical in serum. More recently, Nam et al. [29] demonstrated that these compounds reduced the rheumatoid arthritis factor and C-reactive protein factor in Freund's complete adjuvant reagent-induced rats, suggesting that these two triterpenoids had an anti-rheumatic effect. Other anti-inflammatory triterpenoids from the Rubus genus are tormentic acid and euscaphic acid ( Figure 5 ) isolated from R. sieboldii [31] . Besides triterpenoids, compounds belonging to other structural types have also been isolated from Rubus species as anti-inflammatory constituents. Several studies revealed that berries are a rich source of monomeric and polymeric phenolic compounds providing protection toward both lipid and protein oxidation [57] . For example, the ellagitannin sanguiin H-6 was a major contributor to the antioxidant capacity of R. idaeus [14] , while blackberry juice (R. fruticosus) contained the anthocyanin cyanidin-3-O-glucoside as a scavenger of peroxynitrite, which exerts a protective effect against endothelial dysfunction and vascular failure induced by peroxynitrite [58] .
As can be seen from the present review, anthocyanins are one of the most abundant phenolics in nature and are responsible for the red, purple and blue colors of most fruits and vegetables. Humans ingest a significant amount of anthocyanins by consuming anthocyanin-rich foods, such as berries of the Rubus genus. Anthocyanins are implicated in many biological activities, and have antioxidant properties that may impact positively on health. Although the activities of anthocyanins are related to their metabolism, the distribution and metabolism of anthocyanins in tissues have not yet been well characterized. Talavera et al. [59] investigated anthocyanin metabolism and distribution in the digestive area organs (stomach, jejunum and liver) and kidney, as well as a target tissue (brain) in rats fed with a blackberry (R. fruticosus) anthocyaninenriched diet. The urinary excretion of total anthocyanins was low. Thus, organs of the digestive area indicated a metabolic pathway of anthocyanins with enzymatic conversions (methylation and/or glucurono-conjugation).
Moreover, following consumption of an anthocyanin-rich diet, anthocyanins enter the brain. More recently, Wu et al. [60] investigated the fate of anthocyanins within the gastrointestinal tract and the effect on their bioavailability and subsequent metabolism in weanling pigs fed with a black raspberry (R. occidentalis) diet. Recovery of anthocyanins within the gastrointestinal tract was positively and linearly associated with urinary anthocyanin recovery, which suggests that stability within the gastrointestinal tract and not decreased absorption accounts for the increased recovery.
Although several studies have reported the anthocyanin metabolism in animals, information on the absorption and metabolism of anthocyanins in humans is limited. Tian et al. [61] examined human absorption and metabolism of black raspberry anthocyanins when administered at high doses in healthy male volunteers. Anthocyanins were excreted in intact forms and metabolized into methylated derivatives in human urine.
Antineoplastic activity: Carcinogenesis can be viewed as a multistage, microevolutionary process. It is generally agreed that tumors can be derived from single abnormal cells, and work with experimental systems shows that carcinogenesis is divisible into three major stages: initiation, promotion and progression. Initiation is a heritable aberration of a cell, which appears to be irreversible, and can result from DNA damage. Cells so initiated can undergo transformation to malignancy if promotion and progression follow. Promotion is partly reversible and accounts for a major portion of the lengthy latent period of carcinogenesis. The final stage of tumor formation is the progression of a benign growth to a malignant neoplasm. There is loss of growth control, an escape from the host's defense mechanism, and metastasis. Because conventional treatments such as surgical resection, radiation therapy and chemotherapy are not fully satisfactory, prevention of this disease or at least stopping it at its inception is important.
Chemoprevention has been acknowledged as an important and practical strategy for the management of cancer. Many naturally occurring substances, most of them present in the human diet, have been identified as potential chemopreventive agents. Animal investigations supported by epidemiological studies have suggested that consuming relatively large amounts of vegetables and fruits can prevent the development of cancers, such as colon, breast, lung, stomach and esophageal cancer. Recent studies have demonstrated the potential chemopreventive cancer activity of the Rubus genus [62] . Reports on the antineoplastic activity of Rubus species against several tumor cell lines have been found in the literature. The incompletely ripened fruit of R. coreanus has been used in traditional herbal medicine to manage various diseases. To explore the possibility that extracts of this plant have chemopreventive effects, Kim et al. [63] examined whether or not extracts inhibit HT-29 human colon cancer cell growth, and explored the mechanism for this effect. The aqueous extract of R. coreanus inhibits cell proliferation and stimulates apoptosis in HT-29 cells, and this may be mediated by its ability to activate the caspase-3 pathway. It remains to be determined whether the extract has chemopreventive activities in animal models. The raspberry plant, R. idaeus, exhibited cytotoxic activity against the sensitive leukemia HL60 cell line, as well as its multi-drug resistant sublines exhibiting two different phenotypes [64] . Equiquard, a dietary supplement comprised of standardized extracts from nine herbs, including R. chingii, significantly reduced cancer cell growth of hormone-responsive and hormonerefractory prostate carcinoma cells [65] . Angiogenesis is the process by which new blood vessels grow. In the adult, except for a few physiological processes such as menses, wound healing and placental formation, all angiogenic processes are pathologic. Because angiogenesis inhibitors target new blood vessel formation, using them in cancer treatment is classified as a targeted therapy. By blocking the development of new blood vessels, one hopes to cut off the tumor's supply of oxygen and nutrients and, therefore, its growth and spread to other parts of the body. Various research groups have initiated antiangiogenic screening programs for plants used in traditional medicine. Black raspberry (R. occidentalis) extract was discovered to be antiangiogenic in a novel human tissue-based in vitro fibrin clot angiogenesis assay [66] . The extract completely inhibited angiogenic initiation and angiogenic vessel growth. In the same assay system, a human tissue-based fibrin-thrombin clot angiogenesis assay, an aqueous extract of leaves from R. suavissimus or "sweet leaf tea" was tested for antiangiogenic activity [67] . The extract inhibited initiation of the angiogenic response and subsequent neovessel growth from samples that had already initiated an angiogenic response. The methanolic extract of R. coreanus was found to inhibit significantly the vascular endothelial growth factor binding to its receptor, which plays a key role in angiogenesis [68] . Examples of other antineoplastic Rubus extracts included R. parviflorus Nutt. [69] , R. imperialis [70] and a crude extract of R. crataegifolius roots, which is a potent apoptosis inducer and DNA topoisomerase I inhibitor [71] .
Because increasing evidence indicates that some plant components of Rubus species can suppress tumor development, identifying such components may be an effective, non-invasive strategy for decreasing the incidence and severity of cancer. The compounds responsible for the antineoplastic activity of the Rubus genus have been reported to be mainly ellagitannins and triterpenoids. Paivarinta et al. [72] identified natural ellagitannins from cloudberry (R. chamaemorus) seed and pulp as possible chemopreventive agents against intestinal tumorigenesis in the Min mouse. Some of these compounds were isolated by bioassay guided fractionation after previously detecting activity in the plant part. Two new ellagitannins, rubuphenol and sanguiin H-2 ethyl ester, were isolated in this way from R. aleaefolius as new cell-cycle inhibitors [18] . These compounds inhibited the cell cycle progression of TSFT210 tumor cells at the G0/G1 phase. Besides ellagitannins, compounds belonging to other structural types have also been isolated from Rubus species as antineoplastic constituents. Examples include the triterpenoids, stigmasta-5,22-dien-3-ol, β-sitosterol and β-sitosterol-3β-D-glucose, isolated for the first time from R. ursinus [39] , and the triterpenoids isolated from R. occidentalis, which had protective effects against esophageal cancer in rodents [73] .
Anti-infectious activity: Antimicrobial screening of 29 extracts prepared from Finnish plant materials against selected microbes was conducted using diffusion methods [74] . The most active plant extracts against bacteria were cloudberry (R. chamaemorus) and raspberry (R. idaeus). R. chamaemorus also presented antimycotic activity against Candida albicans [75] , and amebostatic activity against the pathogenic, free-living amoebae from the Acanthamoeba genus, the causative agents of granulomatous amebic encephalitis, amebic queratitis, amebic pneumitis and skin infections [76] . The East African plant, R. apetalus was collected as a component of an ethnobotanical survey in southern Uganda. Preliminary antimicrobial susceptibility tests performed indicated the biological activity of the plant against several bacterial and fungal human pathogens, such as Staphylococcus aureus, Streptococcus faecalis and Candida albicans [77] . Examples of other antimicrobial Rubus extracts included R. ulmifolius, a Chilean folk medicine [78] .
Seven plant species belonging to different families were collected in the eastern part of the Republic of Congo (Kivu) based on ethnopharmacological information. The dichloromethane and methanol extracts were tested for antiviral activity [79] . Among them, the methanolic extract of R. rigidus Smit inhibited the activity of both the human immunodeficiency virus type 1 reverse transcriptase and tyrosine kinase p56 enzymes. Examples of other antiviral Rubus extracts included R. coreanus, which was active against hepatitis B virus [80] .
Giardia lamblia is an intestinal protozoon parasite infecting humans and various mammalian hosts. Mexican traditional medicine uses a great variety of plants in the treatment of gastrointestinal disorders, such as diarrhea caused in some cases by G. lamblia, including R. coriifolius. Barbosa et al. [81] demonstrated the antigiardial activity of methanolic extracts of R. coriifolius in CD-1 suckling mice. The compounds responsible for the activity are the flavonoids kaempferol, tiliroside ( Figure 1 ) and epicatechin [23] . This plant also presented antiprotozoal activity against Entamoeba histolytica [82] .
Other activities: Several other pharmacological actions have been documented for the Rubus genus and compounds isolated from their species. Among the widespread traditional medicinal uses of some Rubus species is that of hypoglycemic agents in the management of diabetes mellitus. Jouad et al. [83] investigated the hypoglycemic effect of R. fruticosus in normal and streptozotocin-induced diabetic rats. In both types of rats, single and repeated oral administration of the plant produced a significant decrease in blood glucose levels. However, treatments did not affect insulin secretion in either normal or streptozotocin-induced diabetic rats, indicating that the mechanism(s) by which this plant decreases blood glucose levels is extra-pancreatic. These findings indicate that R. fruticosus represents an effective agent for lowering blood glucose and a potential source for the discovery of new orally active component(s) for future therapy. The hypoglycemic effect of five Brazilian medicinal plants was studied on alloxan-induced diabetic rats [84] . The results showed that all plants studied, including R. imperialis, significantly lowered blood glucose. R. imperialis also showed antinociceptive action in the writhing test in mice [85] , and antispasmodic activity on isolated guinea-pig ileum and rat duodenum [86] . Another Brazilian Rubus species, R. brasiliensis Martius, demonstrated hypnotic, anticonvulsant and muscle relaxant effects in rats and mice [87] .
Several other pharmacological actions have been documented for Rubus species and compounds isolated from them. Moon et al. [88] examined the effect of the concentrated methanolic extract of R. croceacanthus Leveille on the mast cell-mediated anaphylactic-like reaction in a murine model. The extract inhibited compound 48/80-induced systemic anaphylactic-like reaction and phorbol 12-myristate 13-acetate-and A23187-induced tumor necrosis factor-α secretion from human mast cell line HMC-1. These results indicate that the extracts possess a strong anti-anaphylactic activity. The aqueous extract of R. coreanus also inhibited systemic anaphylaxis induced by compound 48/80 in mice [89] . The extract also significantly reduced local anaphylaxis activated by anti-DNP immunoglobulin E.
Extracts of dried raspberry (R. idaeus) leaves prepared with different solvents were tested in vitro for relaxant activity on transmurally stimulated Guinea-pig ileum [90] . Evidence was obtained that there are components of raspberry leaf extract which exhibited relaxant activity in in vitro gastrointestinal preparations. The compounds responsible for this activity have been reported to be the ellagitannins lambertianin C and sanguiin H-6 [14] , a triterpenoid [36] , triterpenoid glycosides [37] , and a straight chain alcohol glycoside [91] .
Examples of other biologically active compounds from the Rubus genus include the triterpenoids nigaichigoside F 1 ( Figure 4 ) and 23-hydroxytormentic acid, isolated from the unripe fruits of R. coreanus, which presented anti-gastropathic effects in a rat model [29] . The triterpenoid niga-ichigoside F 1 isolated from R. imperialis also exhibited significant and potent antinociceptive action in some pharmacological models of pain in mice [92] . The marked antinociception of niga-ichigoside F 1 appears to be related to the dopaminergic, cholinergic, glutamatergic, tachykinergic and oxinitrergic systems.
Cultivation of Rubus species
As can be seen in the present review, Rubus berries are a very rich source of phenolic compounds. While phenolics were historically considered in some instances to be antinutrients, interest in food phenolics has increased greatly because of their antioxidant capacity (free radical scavenging and metal chelating activities), and possible beneficial roles in human health, such as reducing the risk of cancer, cardiovascular diseases and other pathologies.
Drugs from the Rubus genus originate either from wild sources or from cultivated plants. A survey of worldwide berry (Rubus spp.) production was conducted in 2005 [93] . Results indicate there were an estimated 20035 ha of berries planted and commercially cultivated worldwide, a 45% increase since 1995. However, wild berries still make a significant contribution to worldwide production. Interest in the role of antioxidants in human health has prompted research in the fields of horticulture and food science to assess the antioxidants of Rubus species, and to determine how their content and activity can be maintained or even improved through cultivar development, production practices, postharvest storage and food processing. Genetic and environmental factors such as cultivar, maturity, ultraviolet light exposure and harvesting method play an important role in berry composition. It is well-known that the levels of phenolics and the antioxidant capacity of berries are influenced by maturity and that there is pronounced variation among cultivars. Siriwoharn et al. [94] investigated the anthocyanins, polyphenolics and antioxidant properties of blackberry hybrids from Oregon state to evaluate the influence of cultivar and maturity, and to determine the variation caused by plot differences, sub-sampling, sample preparation and analytical measurement. Total anthocyanin pigments increased from underripe to overripe for Marion blackberries and evergreen blackberries. Total phenolics did not show a marked change with maturity, and their values decreased slightly from underripe to ripe. Similarly, antioxidant activities, while increasing with ripening, did not show the marked change exhibited by total anthocyanins. Some information is also available on antioxidant capacities in leaves and fruits of other berry crops at different development stages. Wang and Lin [95] investigated antioxidant capacities in different genotypes and development stages of the fruits and leaves of blackberry (R. fruticosus) and raspberry (R. idaeus) plants. Blackberries had the highest oxygen radical absorbance capacity values during the green stages, whereas raspberries had the highest activity at the ripe stage. More recently, Vool et al. [96] determined how mulching, specific harvesting times and the differing weather conditions of the years involved affected the biochemical content of raspberry and blackberry. Cultivation technology had a significant influence only on the raspberry fruits' soluble solids content. Harvesting time had an impact on both the raspberry and the blackberry fruit weight and fruit dry matter content, but the fruit soluble solids content was affected only in the blackberry. With one of these species, R. idaeus, Zafrilla et al. [97] investigated the effect of processing and storage on the antioxidant flavonoids in jams. The flavonol content decreased slightly with processing and more markedly during storage of the jams. The content of other individual health-promoting compounds, such as anthocyanins and ellagitannins also varied significantly in R. idaeus, due to both developmental and genetic factors [98] . This information will assist in the future development and identification of raspberry lines with enhanced health-promoting properties. The increasing interest in the cultivation of raspberry in warmer climates and in the mild southern parts of Europe requires a better understanding of the salinity effects, especially in the primocane-fruiting type cultivars. Several works have been initiated to study the response of the raspberry primocane-fruiting cultivar in elevated sodium chloride concentrations [99] . The decreased photosynthetic capacity and salt toxicity in the plant tissues has been shown to restrict plant growth under saline conditions. In 2005, Beekwilder et al. [100] reviewed the current literature on antioxidants from raspberry fruits (R. idaeus). The review concentrates on the methods of antioxidant testing, the diversity of antioxidants in raspberry and the effect of ripeness, cultivar, storage and processing techniques.
Some information is also available on the influence of storage conditions on other berry crops. Thermal and storage stabilities of anthocyanins in blackberry (R. fruticosus) juice and concentrate were studied over the temperature range 60-90ºC and 5-37ºC [101] . During storage, anthocyanins in the 65ºC blackberry juice concentrate degraded more rapidly than those in the 8-9ºC blackberry juice.
